Fluoroscopic coronary artery calcification and associated coronary disease in asymptomatic young men  by Loecker, Thomas H. et al.
3ACC Vol, 19 . No, 6
Mat 1997:1161-72
CLINICAL STUDIES
Fluoroscopic Coronary Artery Calcification and Associated Coronary
Disease in Asymptomatic Young Men
THOMAS H . LOECKER, MD, ROBERT S. SCHWARTZ, MD, FACC,* CHARLES W . COTTA, MD,
JAMES R . HICKMAN, JR ., MD, COL, FACC
Stn, Antonio. Texas and Rorrtecrer, Art
inesora
Little Is known about the diagnostic significance of coronary
artery calcification detected fluoroscopicatly in apparently healthy
young men. This study compared the presence of fluoroscopically
detected coronary artery calcification with angiographic coronary
artery disease in asymptomatic male military aircrew undergoing
noninvasive cardiac screening tests and coronary arteringraphy
for occupational indications. Of 1,466 men screened with coro-
nary fluoroscopy, 613 underwent coronary arteriography because
of one or more abnormal noninvasive test results . The mean age
(tSD) of all subjects screened was 40,2 t 5 years (range 26 to 65),
Significant coronary artery disease (r50% diameter slenosis)
was found in 104 of the 613 subjects with arteriograms (16 .9%
disease pre
.
.Innce) . Overall sensitivity and specificity for corn'
Accurate detection of coronary artery disease in asympto-
matic young men remains a significant problem in both
clinical and occupational cardiology because low disease
prevalence in this group significantly degrades the perfor-
mance of noninvasive screening tests. However. great po-
tential benefit exists for early disease detection in such
persons because therapeutic intervention might alter the
natural progression of disease . Fluoroscopic visualization of
coronary calcification is an older noninvasive method shown
(1-4) to have potential as a screening technique for coronary
artery disease because it is anatomically based, easily per-
formed, comparatively inexpensive and poses little risk to
the patient . However, little is known about its value in
detecting the asymptomatic person who may have significant
coronary artery disease and may thus be at risk for myocar-
dial ischemia, infarction or sudden death (5,6) .
To better define the role of coronary fluoroscopy as a
screening method for coronary artery disease in asympto-
matic young men, this study reviewed the data of 613
apparently healthy male military aircrew undergoing coro-
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nary artery cakifcalion detection of significant disease, based
only on those subjects undergoing arteriography, were 66 .3% and
77 .6% . respectively. For measurable disease (mild peas dgm&
cant), sensitivity was 60 .6% and specificity It5.9% . Positive and
negative predictive values were
37 .7% and 91 .9%,
respectively,
for significant disease. For measurable disease, positive and
negative predictive values were 0 .9% and S.9%, respectively .
In these asymptomMic young men, a
copk exmdnwm
negative for coronary artery wkthcation indicated a low risk m
significant coronary artery disease, whereas a positive test result
(calcification present) substantially increased the likelihood of
angiographieafly
significant
coronary artery disease.
(J An Colt Cmdiol1902:101167--72)
nary artery fluoroscopy and coronary arteriography for
occupational reasons.
Methods
Study patleats. All U .S. Air Farce aircrew members are
regularly screened for health problems. Beginning at age 35
years, this examination includes a rest electrocardiogram
(ECG) taken biennially to determine fitness for aviation
Duties . Persons with potentially significant health problems
(including coronary artery disease) are referred to the U .S .
Air Force School of Aerospace Medicine (USAFSAM) for
extensive medical evaluation. Those <35 years of age are
also referred if cardiac problems are suspected .
Most subjects (>95%) have no cardiac symptoms. All
aviators wish possible cardiac problems (regardless of age)
who are referred to USAFSAM undergo symptom-limited
treadmill exercise testing, symptom-limited exercise
thallium-
201
myocardial scintigraphy and coronary artery fluoros-
copy except as noted later. Cardiac catheterization is man-
datory for aircrew members to remain on flying status if they
have 1) a coronary fluoroscopy screening test result positive
for calcification
; 2) one or more abnormal noninvasive tests
for reversible ischemia (symptom-limited treadmill test, ex-
ercise thallium-201 scintigaphy); 3) ventricular or suptaven-
tricular tachycardia (three or more consecutive premature
beats with exercise or on Halter ambulatory ECG monitor-
ing)
; or 4) acquired left bundle branch block on any ECG
record .
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Subjects in this study did not undergo coronary fluoros-
copy if they 1) had known coronary artery disease
; 2) had
coronary arteriography within the preceding 5 years ; 3) had
a coronary fluoroscopy screening result negative for calcifi-
cation within the preceding 5 years ; or 4) were <30 years
old
. Consecutive cases for a 65-month (October 1982 to
March 1988) period were examined .
Coronary artery fluoroscopy. Fluoroscopic studies were
performed before coronary arteriography by one examiner
who had no knowledge of other noninvasive test results.
During deep-held inspiration, the cardiac shadow was exam-
ined initially in the 90` lateral view . The image intensifier was
subsequently rotated through a 90` arc, ending in the straight
anteroposterior view . Only 80 kVp (peak kilovolts) was used
to enhance the sensitivity in detecting small calcitic densities
because higher energy levels may render less visible small
objects through imaging system bloom
. With this examina-
tion protocol, the average fluoroscopic time was 1 .8 min and
the average radiation dose was approximately 5 rads skin
entrance dose.
An examination was interpreted as positive for c'alcihca-
lion if one or more small, dense shadows were visualized in
the region of the coronary arteries, moving synchronously
with cardiac contraction . The location of apparent calcifica-
tion was recorded as I) left train/left anterior descending,
2) left circumflex, or 3) right coronary artery
.
Coronary arteriography. This study was performed with
the Judkins technique . Each arteriogram w:as reviewed by at
least two experienced staff cardiologists Obstructing lesions
were visually graded by diameter stenosis. Significant coro-
nary artery disease was defined as any lesion with a >_50%
diameter stenosis in any major coronary artery, including
large diagonal and marginal vessels . Mild disease was de-
fined as stenosis of 10% to 49% . Stenoses were graded as
"intimal roughening" if definite lumen irregularity (that is,
abnormal vessel wall), too small to be measured, was
visualized
. In general, the fluoroscopic results were not
withheld from the cardiologists .
Results
Coronary artery fluoroscopy and arteriography (Fig. I and
2). A total of 1,466 subjects underwent coronary artery
fluoroscopy in the 65 months of study
. Subjects ranged in
age from 26 to 65 years (mean v SD 40 .2 ± 5). Of the 1,466
subjects, 1,171 (79
.9%) had a fluoroscopic examination neg-
ative for calcification; in 56
(3
.8%),
the fluoroscopic result
was considered indeterminate (questionable fluoroscopic
result or valvutar calcification seen) . Coronary artery calci-
fication was found in 239 (16
.3%) of the initial 1,466 subjects .
Of the 239 subjects with findings positive for calcification,
56 (23%) declined coronary arteriography
. No subjects were
advised to undergo arteriography for clinical reasons, but
arteriography was mandatory if subjects wished continued
flying duties
. Most of those who declined arteriography had
little occupational need (for example, nearing retirement,
14ne
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Figure 1, Selection process for 1,466 asymptomatic aviators
screened for coronary artery disease . A total of613 men had definite
positive or negative findings on coronary artery fluoroscopy and also
underwent coronary arteriography . Cart = catheterized .
nonflying assignment pending) for the test . The remaining
183, plus an additional 430 with an abnormal noninvasive
test result suggesting myocardial ischemia, underwent coro-
nary arteriography . Thus, 613 arteriograms (41 .8%) from
1,466 men screened were available with definite coronary
fluoroscopic and arleriographic results
. There were 183
examinations positive for calcification and 430 negative
examinations (Fig . 1)
. Figure 2 shows the distribution of
arteriographic coronary artery disease in all 613 subjects
undergoing both coronary fluoroscopy and coronary a-feri-
ography. Table I shows the respective 2 x 2 contingency
tables for coronary artery disease category versus fluoro-
scopic result.
Positive predictive value
. Among the 183 subjects who
underwent coronary arteriography and had positive fluoro-
scopic examination results, 25 (13 .7%) had entirely normal
findings (no discrete lumen narrowings), 32 (17.5%) showed
intimal roughening only, 57 (31 .1%) showed mild disease and
69 (37 .7%) showed significant disease . The positive predic-
tive value was thus 68.9% for measurable disease (mild plus
significant) and 37 .7% for significant disease
. This compar-
atively low figure of 37 .7% probably reflects the lower
Figure 2 . Pie chart showing percent of coronary disease by disease
severity . More than half of all subjects undergoing coronary arteri-
ography had completely normal arteriographic findings
.
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Table 1 . Coronary A.^.^cry :--copy IFluoro) Versus
Arteriegraphic Coronary Artery Disease
Disease olD) Daease o50%,
prevalence of significant disease in these younger subjects
because much of the d=vease found was mild .
In 66 (36.1%)
of ae
183 subjects, coronary fluroscopy
,
was the only noninvasive test with abnormal findings ;that is.
both thallium scintigraphy and treadmill exercise test results
were normal) . Among these 66 subjects, arteriography re-
vealed no discrete lumen abnormality in 8 (12 .1%), intimal
roughening only in
15 (22.7%), mild disease in 25 (37 .9°%) and
significant disease in 18 (27.3%). This latter finding is of
particular interest because 18 (17 .3%) of the 104 subjects
with significant coronary artery disease had normal or bor-
derline results on treadmill testing and thallium scintigraphy
and were thus identified by coronary artery fluoroscopy
alone .
Negative predictive value . Of the 430 subjects who under-
went coronary arteriography and whose coronary fluoro-
scopic examination was negative for calcification, the arte-
riogram revealed completely normal findings in 300 (69.8%),
intimal roughening only in 48 (11 .2%), mild disease in 47
(10 .9%) and significant disease in 35 (8.1%) . The negative
predictive value was 80.9% for measurable disease (mild
plus significant) and 91 .9% for significant disease alone
.
Sensitivity and specificity . True values for sensitivity and
specificity cannot be calculated because only 613 of the 1,466
subjects with fluoroscopic screening underwent coronary
arteriography . Thus, 853 subjects had unknown coronary
artery anatomy . Values can be calculated from the 613
subjects with arteriographic results and definite fluoroscopic
results as follows . Sensitivity was 60.6% (126 of 208) for
measurable (mild plus significant) disease and 66.3% (69 of
104) for significant disease . Similarly, specificity was 85
.9%
(348
of 405) for measurable disease and 77 .6% (395 of 509)
for significant disease.
Age. Table 2 shows the distribution of positive coronary
fluoroscopic results versus age in decades. As expected,
proportionally more calcification was found with increasing
age
.
Table 2 . Positive Coronary Fluoroscopic Results Venus Age
(183 positive examination results)
Age (ar) Positive Fluoroscopic Results
201029
010 )0 001
301039
20195 (13 .3%)
401o 49 1131330 (34 .2%)
50,.59 42176 (55 .2%)
60 to69 213(66.7%)
1 169
Table 3. Comparative Resuhs of Comnaty Fluoroscopy, Planar
Thallium-201 Scintigraphy and Treadmill Exercise Testing in 112
Pancnts With Significant Coronary Artery Disease
Location of calcification. Of the 239 subjects with a pos-
itive fluoroscopic examination, only I had solitary calcifica-
tion of the right coronary arery. In this subject, the coro-
nary
, angiographic results were normal
. Six subjects had
calcification in both the right and left coronary artery distri-
butions. Three of these six subjects bad angiographically
normal cnranary arteries, two had angiographic disease of all
three coronary arteries and one had disease in only the left
anterior descending and left circumflex arteries. In the
remaining 232 patients, calcification was noted in only the
left anterior descending coronary artery distribution .
Comparison with other noninvasive studies . Table 3 com-
pares the performance of coronary fluoroscopy with results
of planar thallium-201 scintigraphy and symptom-limited
treadmill exercise testing in detecting significant disease .
The results of fluoroscopy are quite comparable to those of
thallium testing and better than results reported for treadmill
exercise testing. Analysis was performed on subjects in
whom both symptom-limited treadmill and planar exercise
thallium-20t scintigraphy results were available . Table 4lists
analyses comparing noninvasive exercise tests with coro-
nary fluoroscopic results in subjects with disease. In Table 5
the same analyses are given for subjects without disease . In
this analysis, the presence of coronary artery disease is
defined as any arteriographic diameter stenosis
? 10%. Table
6 shows the respective positive and negative predictive
values for all three tests .
Table 4
. Coronary Fluoroscopy Versus Other Noninvasive
Imaging Methods in 208 Patients With Aneriographic Coronary
Artery Disease (stenosis ?IO%)
A. Treed.-i2 Result
Positive fluoroscopic
result (127 patients)
Negative fluoroscopic
result
(81
patients)
Positive fli aroscopic
result (127 patients)
Negative 8uormcopic
result (81 patients)
Yes Na Yes No
Fluoroscopy
£vrcise
Thallium
Eoer
Treadmill
Fluoro positive 126 57 69 114
Abnormal 69)61 .6%1 67(62.9%) 60(53.5%)
Flu- negative 82 349 35 395
Normal or bordcrlira 38133 .9%) 4113.17) 51 (45 .5%)
Not done 5(4 .5%) 413.6%)
1 D
.0%)
Normal Abnormal Not Done Uninterpretabte
SB
29
54
47
1
0
14
6
B. Thallium Result
30
12
59
47
4
3
34
19
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Table 5 . Coronary Fluoroscopy Versus Other Noninvasive
Imaging Methods in 405 Patients Without Anedographic Coronary
Artery Disease (stenosis < 10%)
A. Treadmill Result
Normal Abnormal Not Done Uninterprelable
Positive fluoroscopic 26 19 12 I
result (57 patients)
Negative fluoroscopic 131 178 I 38
result (348 patien(s)
0. Thallium Result
Normal Abnomal Not Done Uninterpretable
Positive fluoroscopic 20 20 0 17
result (57 patients)
Negative fluoroscopic 109 159 6 74
mawt (348 patients)
Discussion
The epidemic nature of atherosclerosis and coronary
artery disease in developed societies is well known . Fully
one-third of all deaths in the U.S. result directly from this
disease process . It is likely that coronary artery disease
progresses in asymptomatic persons until clinically mani-
fested (angina pectoris, myocardial infarction or sudden
death), although few prospective data exist
. The disease
process may progress from the fatty streaks found in many
young male American casualties of the Korean (7) and
Vietnamese wars (8) into complex atheromalous lesions .
Some plaques may rupture suddenly and cause thrombosis
with catastrophic consequences before hrmodynamic flow
limitation occurs (9-12) .
Coronary artery calcification is common in patients with
known coronary artery disease (13-16), in whom the esti-
mated prevalence is nearly 80% as determined by postmor-
tem planar X-ray examination (4) . Coronary calcification is
known to increase with age >40 years (17,18) and is more
common in men than in women (19). Little is known about
the prevalence of coronary artery calcification in the asymp-
tomatic general population and its relation to "silent" coro-
nary artery disease. Coronary fluoroscopy can provide use-
ful information about coronary artery disease in clinical
groups of patients (20) and the fluoroscopic detection of
calcification may have strong prognostic implications
(21)
.
Table 6
. Positive and Negative Predictive Values for Coronary
Artery Fluoroscopy, Planar Thallium-201 Scintigraphy and
Treadmill Exercise Testing in 613 Asymptomatic Male Aviators
(disease >_10%)
Treadmill Thallium Coronary
Exercise Exercise Fluoroscopy
Positive predictive value 33% 35% 69%
Negative predictive value
65% 74% 8195
Coronary artery fluoroscopy for the early detection of
coronary artery disease . The availability of potent interven-
tions in both risk factor modification and revascularization
therapy for coronary artery disease had made early detection
of disease a priority . Unfortunately, screening methods for
coronary artery disease that perform adequately in clinical
cardiac referral groups perform quite poorly in compara-
tively healthy patient groups with a low prevalence of
disease (22-26) . Bayesian probability reliably predicts this
severe performance degradation (27,28) . One reason for the
poor performance of these functional tests is that they
require coronary artery stenoses to be hemodynamically
significant because their detection mechanisms depend on
either absolute or relative myocardial ischemia. Asympto-
matic disease may be hemodynamically insignificant yet
become catastrophic in the event of plaque rupture with
subsequent thrombosis . Coronary artery fluoroscopy is an
attractive screening method because it is noninvasive, sim-
ple to perform, involves little risk and in many cases can be
done with equipment that is already available
. Its utility in
the clinical setting has been previously described
. Many
patients with severe coronary disease have many large
coronary arterial calcitic deposits that are readily visible on
routine coronary arteriography (29,30).
Despite limited sensitivity for disease detection, the spec-
ificity of coronary fluoroscopy is good, approximately 90%
in the clinical setting and 80% i.-. asymptomatic patient
groups . In the present study, a negative coronary fluoro-
scopic result was quite useful and implied a 92% probability
of no significant coronary artery disease (no arteriographic
lesions t" liit e~f% diameter stenosis) .
Coronary artery fluoroscopy, in asymptomatic subjects . In
this study coronary artery fluoroscopy was highly specific
for the noninvasive detection of asymptomatic coronary
artery disease in young men, extending results from the
clinical setting
. In the men studied, the predictive value of
c .ronary artery fluoroscopy was comparable to or better
than that of both planar thallium-201 myocardial scintigra-
phy and symptom-limited treadmill exercise tests
. These
findings are striking . However, a minimal disease definition
was used in the analysis, and it is likely that the data reflect
the ability of fluoroscopy to detect lesser lesions because it
relies on the anatomic presence of calcification rather than
on the detection of myocardial ischemia secondary to the
physiologic consequences of more stenotic lesions .
The false positive rate of
13.7% implies that either 1) a
fluoroscopically visualized density was not true calcification ;
or 2) if true calcification, it was associated with coronary
artery disease undetectable by arteriography . Such might be
the case in diffuse coronary artery disease, in which disease
is present but not visualized as discrete stenoses . Calcific
deposits that are visualized at postmortem examination are
virtually always associated with atherosclerotic plaque .
Comparison with other imaging methods. Coronary fluo-
roscopy is simpler to perform and involves less risk than
many other imaging methods
. Whether single-photon emis-
1ACC Vol. 19 . No . 6
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sion computed
tomographic (SPECT) imaging or newer
radioisotope methods will provide significantly better detec-
tion of disease in asymptomatic persons remains to be
shown. Enhanced seu::itivity in detecting coronary artery
calcium without concomitant loss of specificity may be
possible through the use of ultrafast computed tomographic
imaging of the coronary vessels.
Recently published studies (31-33) indicate that digital
fluoroscopy may have comparable specificity and he more
sensitive than planar thallium scintigraphy in some cases .
Bayesian probability theory (34) suggests that utilization or
fluoroscopy in conjunction with other noninvasive tests
(35 .36) may substantially increase to the detection capability
of those tests through pretest stratification
. Fluoroscopy
alone may be substantially more cost-effective than other
noninvasive tests that are performed either alone or with
fluoroscopy . Utilization of computed tomography (37,38) for
more sensitive detection of calcification may further improve
on the performance
of fluoroscopy .
Limitations. The results of this study should not be
universally applied to the problem of screening the general
population, because the subjects who underwent arteriogra-
phy were a highly selected group . The 1,466 subjects from
whom those who underwent arteriography were drawn were
also highly selected in that they were undergoing evaluation
for suspected medical problems . The 16.2% prevalence
of
coronary artery disease in this group is probably an order of
magnitude greater than the coronary artery disease preva-
lence in the overall population . Although this is a limitation .
,he
slue;
group is 3i lficserly :user to Gtc genial popula-
tion, with fewer selection criteria than are found in most
other clinical study groups of patients with heart disease.
Qaantitation of calcification was not attempted in this
study and thus it is not known if severity of disease is related
to the amount of calcification in asymptomalic persons .
Quantification would have been difficult in most cases,
because the calcium detected was only a small fleck noted to
move synchronously with the heartbeat
.
False positive tests may have resulted from shadows
caused by 1) viewing the left anterior descending coronary
artery en face ; 2) pericardial calcification; 3) hilar calcifica-
tion superimposed on the cardiac silhouette ; 4) early calci-
fication in a coronary vessel wall not yet causing a significant
lumen defect
; or 5) diffase narrowing of a coronary vessel
that exhibited a smooth lumen yet was diseased throughout,
Conclusions. In some compelling clinical or occupational
circumstances detection of coronary artery disease in an
asymptomatic person is very important . The decision to
undertake cardiac catheterization in such a patient is usually
made when an abnormal noninvasive test result suggests
potential coronary artery disease. Because coronary artery
disease is progressive and capricious, the ability to detect
anatomic lesions in the absence of critical lesions or marked
reversible ischemia is an important goal in screening persons
engaged in dangerous occupations .
This study indicates that in a selected group of apparently
1171
healthy asymptomatic men, coronary artery fluoroscopy is
as sensitive and specific as other more expensive and riskier
methods in common use .
"I he physician evaluating the condition of an asympto-
malic young person with possible coronary artery disease
must have a clear understanding of noninvasive test perfor-
mance before committing such a patient to a test whose poor
specificity may lead to coronary arteriography
. Although id
this study coronary fluoroscopy performed as well as or
better than noninvasive tests in current use, detecting com-
pletely silent coronary artery disease remains a significant
medical problem because of the imperfect nature of all
noninvasive tests currently used and the comparatively low
disease prevalence found in asymptomatic persons.
We gratefully acknowledge the skilled technical assistance of Major Anna K
.
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